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Inorganic  Salts  in 


A  series  of  mahogany  su'fonate  rust  inhibitors 
used  in  compounding  qualified  petroleum  hydraulic 
fluids  was  studied  in  connection  with  the  inopera¬ 
bility  of  tank  hydraulic  systems  after  short  storage 
periods  of  six  to  nine  weeks.  Examination  of  the 
disassembled  hydraulic  components  showed  severe 
staining  and  rusting  in  valving  areas  having  ex¬ 
tremely  critical  tolerances. 

Analyses  of  the  sulfonates  indicated  the  presence 
of  inorganic  water  soluble  salts  (calcd.  as  calcium 
chloride  and  calcium  sulfate)  ranging  from  0.02  to 
0.19  per  cent.  It  was  found  that  the  hydraulic  fluids 
used  in  the  tanks  which  did  not  perform  satisfactorily 
contained  sulfonates  having  a  relatively  high  chlo¬ 
ride  salt  content  of  0.12  per  cent,  white  the  use  of 
hydraulic  fluids  with  sulfonates  containing  less  than 
0.03  per  cent  of  the  halide  salt  permitted  satisfactory 
operation.  Data  are  also  presented  which  show  that 
the  concentrations  qf  inorganic  salts  found  in  the 
commercial  mahogany  sulfonates  studied  do  not  ap¬ 
pear  to  significantly  affect  the  rust  prevention  proper¬ 
ties  of  the  sulfonates  but  their  presence  does  pro¬ 
mote  corrosion  due  to  galvanic  action. 

A  correlation  was  established  between  laboratory 
galvanic  corrosion  tests  and  performance  tests  in 
tank  and  mock-up  systems. 


INTRODUCTION 

The  use  of  corrosion  prev  entivc  additives  for  lubricat¬ 
ing  oils  lias  been  practiced  for  many  years  (1.2)  and  tire 
literature  reveals  mam  types  of  compounds  which  arc  cf- 
I-ctive  corrosion  inhibitors  (3.4,5).  These  additives,  how¬ 
ever.  arc  general!)  associated  with  automotive  crankcase 
lubricants,  with  little  emphasis  given  to  corrosion  inhib¬ 
itors  for  use  in  lubricating  oils  for  military  hydraulic  and 
instrument  systems.  This  has  been  notably  apparent  to 
the  military  since  it  has  been  observed  that  manv  in¬ 
struments  and  hvdraulic  units  of  fire  control  systems  would 
not  function  due  to  severe  deficiencies  in  rust  protection  of 
the  lubricants  used  (6.7.8 i.  Thus,  a  great  deal  of  work 
was  begun  on  the  study  and  development  of  rust  inhibi- 
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tors.  Among  the  materials  studied  and  found  to  be  effec¬ 
tive  were  the  high  molecular  weight  petroleum  sulfonates, 
naphthenates,  long  chain  fatty  acids,  and  amines  (6,9,10, 
il,  12,13).  Of  particular  interest  were  the  mahogany 
sulfonates  because  of  their  effectiveness,  relativ  cly  low  cost 
and  availability  as  by-products  of  white  mineral  oils.  The 
mahogany  sulfonates  are  now  extensively  used  by  the  mil¬ 
itary  in  petroleum  and  synthetic  lubricating  oils  to  provide 
nist  protection  for  fuzes  (M1L-L-11734),  instruments 
(MIL-L-60S5),  hydraulic  systems  (MIL-H-13919.  MIL* 
H-60S3),  aircraft  (MIL-L-7S70),  and  weapons  (MIL-L- 
14107,  MIL-L-644). 

Recently,  however,  the  use  of  one  of  the  rust-inhibited 
petroleum-base  hydraulic  fluids  meeting  Specification 
M1L-H-60S3B,  “Hydraulic  Fluid,  Petroleum  Base,  Preserv¬ 
ative,”  currently  on  the  list  of  qualified  products  for 
military’  hydraulic  systems,  was  found  to  cause  inopcrabil- 
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itv  of  \1  ISA2  tanks  i  It-  i  M1I.-11-(>0S.5B  hvdiaiilic  lluul 
is  used  In  the  Anns  as  both  a  prcM’rvatitc  and  an  opera¬ 
tional  fluid  1  iiiaiml.ii  tint*  nf  tile  tanks,  two  u*:al- 

ified  MII.-H-60S3B  Hinds,  A  and  IS.  were  used  in  die  liv- 
draulte  svxtcm  lor  sloiagc  |)ui|x>ses.  Alter  slioit  pounds 
(six  to  nine  weeks*,  it  was  noted  that  a  large  niinihei 
of  the  units  would  not  function  It  was  Iniitid  that  all  ol 
the  tanks  with  Hind  A  in  the  In dtaulie  s\ stem  weie  inop¬ 
erable,  while  all  of  those  using  fluid  I!  peifonned  satisfac¬ 
torily.  Disassembly  and  exauiiiiation  of  the  Indiaulic  svs- 
tems  luhrieated  with  fluid  A  resealed  extensive  staining 
and  coriosion  on  eritieal  areas  of  those  components  which 
control  iiioveineiit  of  "1111  and  timet  A  si  hematic  diagram 
af  the  hvdraulic  systems  of  the  NMSA2  tank  is  illustrate  1 
in  Fig.  1.  Figures  2  and  >  are  photographs  of  some  of  the 
rusted  components  of  the  hvdrauhc  sxstem  lubricated  with 
the  MIL-H-60S3B  Hind  which  caused  inoperability  of  the 
tanks  after  a  storage  period  of  only  six  weeks.  Sims'  ma¬ 
hogany  sulfonates  are  used  as  rust  inhibitors  in  humiliating 
MU.-H-M)S3B  Hinds,  it  appsued  icasniiablc  to  esmsider 
such  tsitii|xiimds  as  pissible  suspects  in  jK'niiitting  the  rust¬ 
ing  and  staining  of  the  cninpments  which  canscsl  mopera- 
lnlitx  of  the  tanks 


Fig.  1  —  M48A2  Tonk  Hydraulic  System 


The  woik  leportcd  here  describes  studies  0:1  Mll.-H- 
60S3B  hydraulic  fluids  fonnulated  with  commercial  ma¬ 
hogany  sulfonates,  and  data  are  presented  to  show  that 
the  water  soluble  inorganie  salts  found  as  impurities  in 
the  rust  inhibitors  are  a  primary  cause  of  the  rusting  and 
staining  of  the  hydraulic  components.  Since  dissimilar  met¬ 
als  (steel,  iron,  copper  and  aluminum)  are  present  in  the 
hydraulic  system,  the  inoperability  of  the  tank  hydraulic 
system  is  considered  to  tie  associated  with  the  phenome¬ 
non  of  galvanic  corrosion. 

EXPERIMENTAL  AND  TEST  RESULTS 

Preliminary  studies  in  determining  the  cause  of  the  rust¬ 
ing  and  staining  of  the  components  were  directed  toward 
evaluating  the  rust  preventive  properties  of  the  qualified 
MIL-I1-60S3B  hydraulic  fluids.  All  of  the  lubricants  (in¬ 
cluding  the  MIL-H-WISoB  fluid  which  permitted  the  Stain- 
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Fig.  2  —  Hydraulic  Components  M48A2  Tank,  Elevation  and 
Traverse  Spools 


ing  and  rusting  of  the  components  1  were  found  to  pass 
the  KMI-hour  rust  protection  requirement,  using  the  JAN- 
lf-792  humidity  cabinet.  To  further  determine  the  abil¬ 
ity  of  fluid  A  or  B  to  provide  protection  against  rust  of  the 
hydraulic  components,  an  immersion  storage  test  was  con¬ 
ducted  using  the  lock  valves  which  have  extremely  close 
tolerances  (0.00016  in.l.  Tout  valves  were  placed  in  four 
separate  bcakcis.  two  were  covered  with  fluid  A  and  two 
with  fluid  B.  At  the  end  of  nine  weeks’  storage,  an  exam¬ 
ination  of  each  valve  indicated  no  evidence  of  stain  or 
rust.  These  lesults  confirm  the  previous  exposure  tests  in 
the  hmniditv  cabinet,  indicating  tha'  fluids  A  and  B  pro¬ 
vide  the  hydraulic  steel  components  with  adequate  pro¬ 
tection  against  rust. 

Attention  was  then  directed  toward  evaluating  the  qual¬ 
ified  fluids  for  compliance  with  the  other  requirements  of 
the  specification,  it  was  found  that  all  of  the  hvdraulic 
fluids  were  essentially  within  specification  limits.  These 
initial  studies  indicated  that  perhaps  the  present  require¬ 
ments  covering  M1L-H-60S3B  fluids  are  not  entirely 
s  itisfactory  ami  that  the  inoperability  of  the  tank  systems 
may  he  due  to  some  deficiency  not  covered  by  picscnt 
requirements. 


Fig.  3  —  Hydroulic  Component*  M48A2  Tank,  Superelevation 
Actuator  Assembly 


\  somewhat  sililll.il  (OIIOMDII  |)|  ililcin  with  tl.c  use 
of  iiivtiuiiu-r.t-luhncatuig  nil  meeting  .S|«-iilk.iti.iii  MIL- 
L-60S5  "  Lubricating  Oli.  instillment.  Alici.ift  1  J»u  \  ol- 
uiihty,  hid  Ixt:.  observed  :>>  the  I'lltl’s  when  it  was  not  Cl  i 
tli.lt  considerable  collusion  « >(  steel  balls  ami  ia<vs  in 
brats-rt'taiiii'r  ball  healings  took  plan-  (lining  storage  Tins 
problem  was  studied  (/.5>.  and  the  collusion  of  the  ball 
bearings  was  attributed  to  galvanic  action  A  test  device, 
consisting  of  an  SAK  52100  steel  disc  tV  huh  thick 
\  1  inch  in  di.unctci )  and  a  Mnnt/.-inctal  tallov  of  603 
copjxr  *•  -10T  vine)  sjiccimen  (5  inch  wide.  131 
inches  long,  and  1  tvl  inch  ‘hick),  was  developed  and 
utilized  in  the  laboratorv  to  measure  the  abilitv  of  hihiicat- 
ing  oils  to  promote  galvanic  corrosion.  (This  method  lias 
been  adopted  by  the  militaiy  and  is  now  described  as 
Federal  Standard  Test  Method  5322T  )  Since  the  tank  hy¬ 
draulic  system  contains  dissimilar  metals,  this  test  device 
was  used  in  evaluating  ‘he  galvanic  corrosion  property  of 
the  qualified  M1L-H-6083B  hydraulic  Hinds  (A  to  F».  The 
results  are  given  in  Table  1. 

Since  the  hydraulic  fluids  (A  to  F)  contained  i  alioganv 
sulfonate  rust  inhibitors,  it  appeared  probable  that  the  re¬ 
sults  given  in  Table  1  (fluid  A  fails,  fluids  B  to  F  pass) 
may  be  associated  with  differences  in  the  sulfonates  used. 
Accordingly,  analyses  of  several  of  the  coinmerciallv  avail¬ 
able  sulfonates  were  determined.  The  test  method  used 
was  ASTM  D1216-56.  modified  to  include  quantitative 
methods  for  the  inorganic  salts  content.  The  chlorides  were 
determined  as  follows:  a  50  g  ~  0.50  g  sample  of  the  sul¬ 
fonate  was  placed  in  a  250  ml  beaker.  Fiftv  ml  of  eth.I 
ether  were  added,  with  stirring,  until  the  sample  dis¬ 
solved.  Tlie  solution  was  transferred  to  a  250  ml  separatory 
funnel  using  an  addition  50  ml  of  ethyl  ether.  Twen¬ 
ty-five  ml  of  HNOj  (I  acid:9  water)  was  added,  with 
shaking.  The  mixture  was  allowed  to  settle  and  the  acid 
L  yer  was  collected  into  another  250  ml  separatory  funnel. 
The  chlorides  were  then  determined,  using  Yolhard's  meth¬ 
od  (16). 

The  sulfates  were  determined  in  accordance  with  the 
method  described  in  (17).  The  data  arc  given  in  Table 
2.  (The  sulfonate  compounds  A-l.  B-l,  and  C-l  arc  the 
same  rust  inhibitors  used  in  formulating  MIL-H-60S3B 
hvdraulic  fluids  A,  B,  and  C.  referred  to  in  Table  I.) 


i  VW  1  2 

W  \ LYSES  Ok  (OViMERt  !At 

Si 

’LI-ON  VIES* 

Coxil-OSIIION.  'f 

COVIMEHC  1A1. 

StT.FOSAlKS 

A-l 

B-l 

C-l 

D-1‘ 

Carboxv  laic 

n  /mb 

V/.VF  l 

;;i  q 

0  73 

0.50 

Sulfonate 

33.61 

56.1(0 

28.85' 

36.40c 

Chloride*' 

0.12 

0.03 

0.03 

0.01 

Snifa!e! 

0  07 

0.12 

0.08 

0.01 

Water 

LOO 

3.60 

0.40 

0.26 

Mineral  Oil 

64.51 

39.24 

69.91 

62.82 

'‘Determined  by  ASTM  Method  D1 2 16-56  except  for  chlo¬ 
rides  and  sulfates.  The  latter  were  determined  bv  using 
test  methods  destrilx-d  in  references  ( 1ft,  17). 
bSame  as  A-l  except  that  this  sulfonate  was  treated  to  re¬ 
move  soluble  inorganic  salts.  Purified  sulfonate  cur- 
lenllv  used  in  formulating  MlL-H-6083  fluids. 

•Tailed,  as  calcium  sulfonate. 
dCaled.  as  barium  sulfonate. 

‘Calctl.  as  calcium  chloride. 

‘Calctl.  as  calcium  sulfate. 


Galvanic  corrosion  tests  on  the  sulfonate  samples  listed 
in  Table  2  showed  that  samples  B-l  and  D-l  were  satis¬ 
factory,  while  sample  A-l  exhibited  corrosion  and  C-l  was 
considered  borderline.  Samples  were  then  prepared  in  the 
lalxiratory  in  which  a  sufficient  quantity  of  calcium  chlo¬ 
ride  was  added  to  the  B-l,  C-l,  and  D-l  samples  to  make 
up  a  total  of  0.12  per  cent  chloride  (same  quantity  of 
chloride  found  in  the  sulfonate  used  in  hydraulic  fluid  A, 
which  caused  i'-aperabilitv  of  the  tank).  The  galvanic  cor¬ 
rosion  test  results  are  given  in  Table  3.  Photographs  of 
discs  typical  of  a  s.ilfonate  containing  0.01  per  cent  and 
0.12  per  tent  calcium  chloride  are  illustrated  in  Fig.  4. 
(C-l  sulfonate  was  considered  borderline,  since  manv  tests 
on  many  diflerent  hatches  showed  only  one  or  two  small 
rust  spots  on  the  steel  disc.  This  is  in  contrast  with  the  sol¬ 
id  mass  of  rust  usually  noted  with  sulfonates  which  pro¬ 
mote  galvanic  corrosion  as  is  evident  >n  Fig.  4.) 


Tahi.k  i  -  galvanic  corrosion  data  on 

MIL-H-60S3B  FLUIDS- 


MIL-H-60S3B  Fluid 

Result 

Ab 

Fail 

Bc 

Pass 

C 

Pass 

D 

Pass 

E 

Pass 

F 

Pass 

•Fed.  Std.  Test  Method  53223’ 

bMIL-H-S!)S3B  Fluid  which  caused  inoperability  of  the 
tank  hydraulic  system. 

CMIL-H-6083B  Fluid  which  permitted  satisfactory  opera¬ 
tion  of  tank  hydraulic  system. 


Taiii.k  3  -  GALVANIC  COBP.OSION  DATA  ON 
COMMERCIAL  SULFONATES  CONTAINING 
CALCIUM  CHLORIDE* 


Sulfonate  Result 


A-l  (0.12  per  cent  chloride,  as  received) 
B-l  (0.03  per  cent  chloride,  as  received) 
B-2  (chloride  content  of  B-l  increased  to 
0.12  per  cent) 

C-l  (0.03  per  cent  chloride,  as  received) 
C-2  (chloride  content  of  C-l  increased  to 
0.12  per  cent) 

D-l  (0.01  per  cent  chloride,  as  received) 
D-2  (chloride  content  of  D-l  increased  to 
0.12  per  cent) 

•Fed.  Std.  Test  Method  5322T 


Fail 

Pass 

Fail 

Borderline 

Fail 

Pass 

Fail 
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An  mei-all  .mahsis  of  the  il.it.*  t>>  tins  point  o.it 
studs  showed  tli.it  to  u-solxe  tins  tutu,  mopt'iuhilllx  jmili- 
lt*ni.  ilium  lists  on  tilt-  tank  iiuii.mil*  s\  sit-ins  would  In-  »»— 
<|iiir*'(l  In  oi*l*  i  to  us old  *s ist  1'  *-\|>i-ii*lit‘.iit-s  hi  (lit-  ns**  ol 
tanks  for  i*-si  pm  poses  . i  \v.*s  !;:  x.:i*.!:::ct 

n|>  of  (he  tank  liultaitli*  ssstcu  loi  lulxnutois  list  pin- 
poses  The  paits  used  in  the  cnnstiiietion  of  ([•••  mock-up 
were  the  same  as  those  shown  in  the  sehematie  di.igium 
of  I*|J»  1  The  mock-up  unit,  therefme.  eontamed  the  iden¬ 
tical  major  components  found  in  the  M1SA2  tank  iistli.iu- 
lic  .system.  Two  Hints  were  constiucted.  Tests  were  con¬ 
ducted  on  the  mo*  ups  in  duplicate,  with  all  ol  the  qual¬ 
ified  MIL-li-(>0S3B  hydraulic  fluids  listed  in  T.u.’e  1. 
Included  also  in  the  mock-up  tests  was  a  fluid  humiliated 
to  meet  Mll.-H-fiOSnB  using  sulfonate  D-l  tsaine  as  A-l 
except  that  this  sulfonate  was  heated  to  remove  soluble 
inorganic  salts  by  icpeated  washings  with  warm  water  at 
(Kir  saturated  with  secondary  butyl  alcohol). 

It  was  found  that  fluids  B  to  F  and  the  hsdiaulic  fluid 
made  with  sulfonate  0-1  permitted  satisfactoiv  operation 
of  the  mock-ups  after  a  storage  period  of  nine  weeks.  Af¬ 
ter  each  test,  all  of  the  components  were  disassembled, 
and  examinations  indicated  no  rust  or  stains  on  am  of 
the  paits  with  fluid  \.  however,  after  nine  weeks’  stor¬ 
age  the  mock-ups  wo  ild  not  start  and  the  components 
were  found  to  be  badlv  rusted.  V'iguie  5  shows  tvpical 
rusted  link  Salve  sjxiols.  guides,  and  balls  The  results  on 
the  mock-ups  using  hsdrunlic  fluids  A  and  B  corroborated 
field  test  data  on  M  (SA2  tanks  using  these  same  fluids 
after  six  to  nine  weeks  of  storage. 

A  studs  <  f  the  sulfonate  analyses  (Table  2)  indicated 
that  sulfonate  A-l  used  in  hxdraulic  fluid  A  (which  caused 
inoperability  of  the  tank  and  mock-up)  also  contained  a 
relatively  high  0.12  per  cent  chloride  salt,  while  the  chlo¬ 
ride  salt  content  of  sulfonate  B-l  used  in  fluid  B  (which 
was  satisfactory  m  the  tank  raid  mock-up)  was  found  to  In* 
only  0.03  per  cent.  The  galvanic*  corrosion  data  also  corre¬ 
lated  with  the  field  test  data:  i.c..  fluid  A  —  tank  inoper¬ 
able;  promoted  galvanic  corrosion:  fluid  B  —  tank  opera¬ 
ble:  did  not  promote  galvanic  corrosion.  The  data  (Tables 
1,  2.  3'  also  showed  that  Indraulic  fluids  using  sulfonates 
B-l  and  D-l  containing  0.03  and  0.01  per  cent  chloride 
salt,  respectively,  were  satisfactory  in  the  mock-ups. 
showed  no  corrosion  on  Indraulic  parts,  and  did  not  pro¬ 
mote  galvanic*  corrosion  The  tests  on  Indraulic  fluid  C 
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Fig.  4  —  Galvanic  Corrosion  (Fed.  Std.  Test  Method  5322T) 
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Fig.  5  —  Hydraulic  Components  M48A2  Tank 


which  contained  sulfonate  C-l  gave  satisfactory  performance 
in  the  mock-up  but.  as  noted  previously,  was  considered 
Ixirdcrline  in  the  galvanic  corrosion  lalxtratorv  test. 

An  over-all  evaluation  of  these  data  indicated  that  the 
inoperability  of  the  tank  systems  was  associated  with  the 
use  of  commercial  mahogany  sulfonates  which  contained  a 
relatively  high  quantity  of  chloride  salts.  Since  the  inop¬ 
erability  of  the  tank  and  mock-up  due  to  rusted  compo¬ 
nents  also,  in  general,  correlated  with  the  galvanic  corro¬ 
sion  laboratory  test  (Federal  Standard  Test  Method  5322 
T*.  it  would  appear  that  the  latter  test  can  he  used  as  a 
screening  test  in  evaluating  the  ability*  of  hydraulic  fluids 
to  peunit  galvanic  corrosion  due  to  the  presence  of  solu¬ 
ble  chloride  salts. 

Calx  anie  corrosion  tests  were  also  run  on  sulfonates  B- 
1.  C-l.  and  D-l  to  which  xvere  added  sufficient  calcium 
chloride  to  vary  the  salt  content  from  0.01  per  cent  to 
0.12  per  cent.  These  tests  were  conducted  in  an  attempt 
to  establish  the  critical  chloride  salt  content  for  initiation 
of  corrosion.  I.  is  seen  from  the  data  given  in  Table  4 
that,  in  general,  commercial  sulfonates  did  not  initiate  gal- 
xanic  corrosion  when  the  chloride  salt  content  was  below 
0.03  per  cent. 

Attempts  were  also  made  to  determine  the  ability  of 
sulfonates  containing  chloride  suits  to  promote  galvanic 
corrosion  vvlun  added  to  petroleum  lubricating  oils  of  dif- 
toicnt  viscosities,  i Oils  carving  in  viscosities  from  2.2  cen- 
tistokes  to  3S.0  fntistokes  at  37.SC  were  tested.)  It  was 
found  that  in  all  instances.  3.07  or  more  sulfonate 
i  100  per  cent  active*  containing  0.127  calcium  chloride 
when  added  to  the  pot  i  old  ini -base  oil  showed  definite  ev¬ 
idence  of  galvanic  corrosion.  The  method  of  test  was  that 
described  m  Federal  Standard  Test  Method  5322T.  The 
results  cle.uiv  :mli*ate  that  sulfonates  containing  very  small 
quantities  uf  shioiidc  salts  are  deleterious  to  petroleum 
luhricut.ng  oils  having  a  wide  range  in  viscositv. 
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Tam.*.  I  -  GALVANIC  CORHOSION  DATA  ON 
Sl'LFOXATES  CONTAINING  VARYING  AMOUNTS 
OF  CALCIUM  CHLORIDE 


Sl’LKOXATE  CAI.ClCM  Clll.OUIDK,  % 

Result 

A-l 

0.12’ 

Fail 

B-l 

0.12 

Fail 

0.10 

Fail 

O.OS 

Fail 

0.08 

Fail 

0.0-1 

Fail 

0.03* 

Pass 

C-l 

0.12 

Fail 

0.10 

Fail 

O.OS 

Fail 

0.08 

Fail 

0.0! 

Fail 

0.03* 

Borderline1* 

D-l 

0.12 

Fail 

0.10 

Fail 

O.OS 

Fail 

0.06 

Fail 

0.01 

Fail 

0.02 

Pass 

0.01* 

Pass 

*Commercia 

1  sulfonate  as  received. 

‘One  or  two 

small  rust  spots  on  steel  disc. 

SUMMARY  AND  DISCUSSION 

The  primary  objective  of  this  work  was  to  determine 
the  cause  cf  the  inoperability  of  the  tank  hydraulic  system. 
In  the  light  of  the  performance  tests  conducted  on  the 
tank  and  mock-up  systems,  it  was  apparent  that  the  inop¬ 
erability  was  due  to  the  staining  and  rusting  of  the  com¬ 
ponents  of  the  hydraulic  system. 

The  analytical  data  (Table  2)  on  the  commercial  ma¬ 
hogany  sulfonates  used  as  rust  inhibitors  in  compounding 
fluids  meeting  specification  M1L-H-G0S38  revealed  that 
the  combined  inorganic  chloride  end  sulfate  content 
ranged  from  0.02  per  cent  in  P-1  to  0.19  per  cent  in  A-l. 
It  was  demonstrated  that  the  A-l  sulfonate  containing 
0.12  per  cent  chloride  salt  caused  corrosion  of  steel  in  dis¬ 
similar  metal  couples  in  laboratory'  tests  and.  also,  was 
found  to  cause  staining  and  rusting  of  components  with 
ensuing  inoperability  of  both  the  mock-up  and  tank  svstems. 
On  the  other  hand,  the  use  of  sulfonate  B-l  (C-l  border¬ 
line)  anil  D-l  with  0.01  to  0.03  per  cent  chloride  salt  did 
not  initiate  corrosion,  permitted  no  rust  on  the  components, 
and  mock-ups  and  tanks  were  operable. 

Further,  it  was  also  shown  that  the  per  cent  sulfate 
salt  found  in  B-l  sulfonate  (Table  2)  was  the  same  as  the 
per  cent  chloride  salt  found  in  the  A-l  sulfonate  (0.12  per 
cent),  yet  the  B-l  sulfonate  did  not  promote  corrosion 
nor  did  it  permit  rusting  or  staining  of  the  components 
of  the  hydraulic  system.  These  results  indicated  that  the 
deficiency  of  the  hydraulic  fluid  meeting  MIL-H-60S3B 
was  associated  with  the  mahogany  sulfonates  used  as  rust 
inhibitors,  and  that  the  inoperability  due  to  rusting  and 
staining  was  caused  primarily  by  the  presence  of  inorgan¬ 


ic  chloride  salt.  Since  water  (determinations  on  water  con¬ 
tent  using  ASTM  D17-M  showed  that  the  qualified  MI!.- 
1I-60S3B  hydraulic  fluids  referred  to  in  Table  1  ranged 
from  0 .OS  to  0. IS  per  cent)  is  invariably  present  in  hydrau¬ 
lic  fluids,  and  dissimilar  metals  with  differences  in  poten¬ 
tial  are  present,  the  corrosion  can  be  deduced  to  be  as¬ 
sociated  with  galvanic  action. 

It  was  of  interest  to  note  that  in  the  absence  of 
dissimilar  metals,  such  as  the  tests  mentioned  previously 
tJAN-II-792  humidity  cabinet  tests  and  storage  tests  with 
the  lock  valves),  no  evidence  of  corrosion  \va_-  apparent. 
1  his  sliowed  that  the  concentration  of  inorganic  salts 
found  in  the  commercial  mahogany  sulfonates  studied  did 
not  significantly'  aflcct  the  rust  prevention  properties  but 
their  presence,  particularly  the  chloride  salt,  did  permit 
corrosion  due  to  galvanic  action 

The  following  is  offered  to  describe  the  behavior  of  the 
inorganic  salts.  In  the  galvanic  couple  used  in  this  wotk, 
the  a*- ingemcnt  was  such  as  to  make  the  steel  compo¬ 
nent  anode.  Under  conditions  where  soluble  inorganic 
salt  present,  as  in  the  commercial  mahogany  sulfonates 
described  here,  it  was  to  he  expected  that  the  anion  com¬ 
ponent  of  the  salt  would  take  place  at  the  liquid-metal 
interface.  This  has  been  nnipiv  demonstrated,  as  is  shown 
in  Fig,  -I.  The  steel  surface  in  the  galvanic  cell  will  orient 
water  molecules  (due  to  the  potential  gradient  of  the  sys¬ 
tem)  so  that  tlic  oxygen  comjionent  is  adjacent  to  the 
metal  and  the  hydrogen  portion  farther  awav.  It  is  quite 
possible  for  metal  cations,  therefore,  to  move  into  positions 
between  the  oxygen  atoms,  thereby  displacing  from  the 
water  molecules  the  appropriate  number  of  hvdrogcn  ions. 
This  reaction  would  leave  solid  oxide  or  hvdroxidc  on  the 
metal  surface  (IS).  When  a  layer  of  oxide  or  hvdroxidc 
has  been  built  up.  water  molecules  will  attach  themselves 
to  the  oxide  or  hydroxide  layer.  The  process  then  repeats 
itself  until  the  film  is  thick  enough  to  prevent  further 
cations  moving  outward,  thus  providing  a  surface  relative¬ 
ly  passive  to  corrosion. 

The  sulfonates  reported  here  (Table  2)  were  found  to 
contain  both  chloride  and  sulfate  salts.  According  to  the 
adsorption  theory  (19).  chloride  ion  adsorbs  on  tbe  metal 
surface  in  competition  with  dissolved  oxx-gen  or  hvdroxidc 
ion.  Once  in  contact  with  the  metal  surface,  chloride  ion 
faxors  hydration  of  metal  ions  and  increases  the  case  with 
xvhieli  metal  ions  enter  into  solution,  opposite  to  the  ef¬ 
fect  of  absorbed  oxygen  which  decreases  the  rate  of  met¬ 
al  dissolution.  From  the  point  of  xiew  of  the  oxide  film 
theory  (20,21),  chloride  ion  penetrates  the  oxide  film 
through  pores  or  defects  easier  than  do  other  ions  (e.g.. 
sulfate),  or  chloride  ion  may  colloidallv  disperse  the  oxide 
film  and  increase  its  permeability  (20).  Sulfates  not  only 
do  net  penetrate  oxide  films  readily,  but  form  soluble  cor¬ 
rosion  products  to  a  much  lesser  extent  than  the  halide 
salts  and  are.  therefore,  not  3S  corrosive  as  the  halides 
(22).  The  data  (Table  2)  indicate  this  to  be  the  case 
since  the  0.12  per  cent  sulfate  concentration  of  sulfonate 
B-I,  while  the  same  as  the  chloride  concentration  of  sul¬ 
fonate  A-l,  yet  permitted  no  corrosive  action  to  take 
place.  Additonal  tests  xv-cre  run  in  which  the  sulfate  con¬ 
tent  of  sulfonate  B-l  was  further  increased  to  a  total  0.- 
20  per  cent,  and  again  no  corrosion  xvas  noted.  On  the 
other  liand,  the  chloride  salt  concentration  of  sulfonate 
A-l  (0.12  per  cent)  effectively  demonstrated  that  corro¬ 
sion  will  occur. 
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Pit'MiMish  it  u.iv  mrnttomu!  that  H.iKn  »*t  ai  i/>» 
stmJtvd  oHiosion  of  \{#t1  halls  and  lairs  in  hiass  n  tumor 
bail  n  \«  «v  4  u i.  ii ■« |< •< |  ’thit  t  livoiiKt  oitn  int' 

jnnitv  a  t  enough  .u.nstiiie  .it  tin-  oil  iiu  t.i|  in 

tel  luce  lv>  set  li.l  iiH.lll/ed  o.llvullle  1-ollnM.m  I  In-  t  llei  t 
was  itiou'  mailed  in  tin-  pteseiue  ol  |>rtioli-iiin  Milton. ite 
tust  itilnlnlois  ill. IK  in  their  absence,  .mil  was  tentatively 
attulmted  to  v mu*  constituent  of  these  additives"  In  the 
lllfllt  o|  tlic  il.it. t  jneseiited  in  tins  pupei.  it  is  liighlv  prol i- 
.iljlt-  tli.it  the  <onst|tiiriit  of  till-  Milfoil. I  e  additives  indi¬ 
cated  in  tin-  above  trleieiue  is  iiioi game  ehlnnde  s.ilt 
Tin-  (iiiiliiiiis  repotted  in  tins  pupei  are  extremely  nnpoi- 
t.mt  sitin'  mulinguiiv  sulfonates  .no  at  pn-s<-nt  evtensivelv 
list'd  as  inst  inliilntois  In  the  inilitars  and  indiistis  Rec- 
oiiinicnd.itions  arc  uudeivvuv  to  pcrni.i  the  use  of  muling 
am  sulfonates  as  imt  iiiliibitots  foi  hilniiaiiis  hn  niilitais 
use  ouK  if  the  soluble  iiioilf.nne  thloiide  salt  ointoit 
fcalisl.  as  calcium  chlotidci  is  not  abuse  0(12  [hi  edit 
and  the  .dilate  content  (taltil.  as  tahiinn  siillate  does 
not  estt'td  0.03  per  cent.  It  is  expected  that  othei  useis 
and  or  suppliets  of  these  produtts  will  initiate  siiiulai  tet - 
oinnieiuiatlntls. 
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